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Homoharringtonine (1) is an antileukemic alkaloid
isolated from Cephalotaxus plants.1 Although alkaloid
1 is currently undergoing phase II clinical trials as an
anticancer agent in the United States, its high toxicity
hampers further clinical evaluation.2 Despite its impor-
tance as a potential anticancer drug, little is known about
the structure-activity relationships of this class of
alkaloids.3 We regarded that such information would be
necessary for the rational approach toward designing an
alternative to 1 possessing a more promising biological
profile. Previous efforts toward the modification of these
alkaloids addressed the substitution of the ester moiety
by various acyl groups,4 and a number of minor alkaloids
possessing a different ester group have been isolated from
these plants.5 The evaluation indicated that this acyl
part is very important for expressing the activity. To
examine the influence of the cephalotaxine skeleton upon
the activity, retention of this acyl moiety in the skeleton-
modified analogues is requisite. Thus, we devised a
method to produce analogues from homoharringtonine
(1), the most abundant ester-type Cephalotaxus alkaloid
showing potent antitumor activity. Since we suspected
that the nitrogen lone pair may play an important role

in expressing the activity, modification was done around
this region.
Oxidation of 1 with hydrogen peroxide in methanol

gave â-N-oxide 2 and R-N-oxide 3 in 26% and 36% yields,
respectively (Scheme 1). Their N-oxide configurations
were assigned by observing the NOESY correlations
between H-8R (δH 3.06, td, J ) 10.0, 7.0 Hz) and H-11R
(δH 2.74, m) for 2 and between H-1 (δH 4.92, s) and H-10â
(δH 3.61, m) for 3. When the 1,2-dimethoxyethane
solution of â-N-oxide 2 was heated in a sealed tube at
105 °C for 2 h, compound 4 and unexpected compounds
5 and 6 were obtained in yields of 37%, 44%, and 7.7%,
respectively (Scheme 2). Heating of R-N-oxide 3 under
the same conditions also gave compounds 4 (32%), 5
(36%), and 6 (7.6%). The structures of these products
were elucidated using spectroscopic methods. High-
resolution FAB mass spectra showed that compounds
4-6 possess the same molecular formula as 2 and 3. 1H
and 13C NMR spectra showed that they retain an intact
ester side chain, a methylenedioxy group, and a methyl
enol ether moiety. Although the HMBC spectrum sug-
gests that compound 4 possesses the same carbon frame-
work as 1, the low-field (δC 87.5) shift of the C-1
resonance in the 13C NMR spectrum indicated that the
oxygen atom is connected to this carbon. NOESY cor-
relations were observed between H-2 (δH 4.97, s) and
H-20â (δH 1.68, m) and between H-5 (δH 3.32, d, J ) 7.2
Hz) and H-20R (δH 2.04, td, J ) 12.8, 6.0 Hz). These
observations led to the structure assignment as shown
in 4. This structure was supported by converting 4 into
homoharringtonine (1) through zinc/acetic acid reduction
(94% yield).
Compounds 5 and 6 showed similar 1H and 13C NMR

spectra, the most characteristic feature being the pres-
ence of a doublet methyl signal (δH 1.83, J ) 6.8 Hz for
5; δH 1.71, J ) 7.3 Hz for 6). Analysis of the HMBC
spectra gave the same carbon framework for 5 and 6, and
the 13C NMR chemical shifts indicated that the oxygen
atom is connected to C-1 (δC 89.0 for 5; δC 84.7 for 6) and
the nitrogen atom to C-15 (δC 65.3; 71.5) and C-17 (δC

62.5; 72.0). Key NOESY correlations were observed
between H-15 (δH 4.39, q, J ) 6.8 Hz) and H-2 (δH 5.29,
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s) for 5 and between Me-15 (δH 1.71, d, J ) 7.3 Hz) and
H-2 (δH 5.50, s) for 6. These data led to structures 5 and
6.
The formation of compounds 4-6 could be explained

by assuming two alternative paths. When the C(5)-N(9)
bond of N-oxides 2 and 3 is cleaved6 thermally (path a),
a stable carbocation is formed, and attack of the oxygen
anion produces compound 4. When the Cope elimination7
occurs (path b), the N(9)-C(10) bond is cleaved, and the

reverse Cope reaction8 in a regioisomeric fashion pro-
duces pentacyclic N-oxides, which undergo an elimina-
tion-addition reaction in a manner similar to path a,
giving compounds 5 and 6.
These thermal reactions are significantly influenced

by the solvent used (Tables 1 and 2). Although the ether
solvents (1,4-dioxane, tetrahydrofuran, 1,2-dimethoxy-
ethane) and toluene gave compounds 4-6 in a similar
ratio, 1,2-dichloroethane gave only compound 4. In the
case of the alcohol solvents (MeOH, t-BuOH, 2,2,2-
trifluoroethanol) or slightly basic acetonitrile, the reac-
tion did not occur or proceeded sluggishly.9

Zinc and acetic acid reduction of 5 and 6 gave ring-
contracted homoharringtonine analogues 7 and 8 in
yields of 96% and 67%, respectively. Their stereostruc-
tures were confirmed by the NOESY spectra.
Homoharringtonine (1) and the obtained analogues

2-8 were evaluated using P-388 leukemia cells, the IC50
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Scheme 2 Table 1. Effect of Solvent on the Pyrolysis of 2a

yield (%)b

solventc/products 2 4 5 6

MeOH 43 0 0 0
t-BuOH 72 5.4 3.6 0
TFE 83 0 0 0
MeCN 11 16 32 10
DCE 0 65 0 0
dioxane 0 47 40 8.0
THF 0 40 48 9.8
DME 0 38 49 10

0 (37)d (44)d (7.7)d
toluene 0 48 43 10

a Each reaction was carried out in a sealed tube at 105 °C for 2
h. b HPLC yield. c TFE, 2,2,2-trifluoroethanol; DCE, 1,2-dichloro-
ethane; dioxane, 1,4-dioxane; THF, tetrahydrofuran; DME, 1,2-
dimethoxyethane. d Isolated yield.

Table 2. Effect of Solvent on the Pyrolysis of 3a

yield (%)b

solventc/products 3 4 5 6

MeOH 91 0 0 0
t-BuOH 78 0 0 0
TFE 92 0 0 0
MeCN 69 0 0 0
DCE 0 58 0 0
dioxane 0 38 29 5.4
THF 0 33 35 7.6
DME 0 34 37 8.0

0 (32)d (36)d (7.6)d
toluene 0 36 33 8.4

a-d See Table 1.

8252 J. Org. Chem., Vol. 62, No. 23, 1997 Notes



values being 0.017, 0.92, 1.9, 4.0, 15, 6.0, 6.2, and 1.5
µg/mL, respectively. Both N-oxides 2 and 3, being
regarded as the conformationally locked analogues of 1,
showed weaker activity compared with that of 1, which
has a nitrogen lone pair. Thus, the nitrogen lone pair
on the cephalotaxine skeleton appears to be essential for
its activity. Also, the weaker activity of analogues 4-8
compared with that of 1 is accounted for by the changes
in the topology of the cephalotaxine skeleton through
chemical modification.

Experimental Section

General. Analytical high performance liquid chromatogra-
phy (HPLC) was carried out on a TSKgel silica 60 column (5
µm, 4.6 × 250 mm, TOSOH) at a flow rate of 1 mL/min.
Semipreparative HPLC was carried out on a LiChrosorb Si 60
column (7 µm, 25 × 250 mm, Merck) at a flow rate of 7 mL/min.
The effluent was monitored at 290 nm. Rotations were recorded
in units of 10-1 deg cm2 g-1; 1H and 13C NMR spectra were
collected using a 500 or 125 MHz instrument, respectively.
Chemical shifts (δ) were reported in ppm. 1H chemical shifts
were calibrated using the tetramethylsilane resonance as inter-
nal standard. 13C chemical shifts were referenced to the solvent
(CDCl3, 77.0 ppm). The chemical shift assignment was carried
out by homonuclear correlation (COSY) and heteronuclear
correlation (HMQC, HMBC) experiments. Mass spectroscopy
was performed using EI and FAB ion sources.
Homoharringtonine â-N-oxide (2) and r-N-oxide (3). To

a solution of homoharringtonine (1) (100 mg) in MeOH (0.5 mL)
was added 30% aqueous H2O2 (0.1 mL), and the mixture was
stirred at room temperature for 24 h. Methyl sulfide (50 µL)
was added to the solution at 0 °C, and the mixture was stirred
at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure to give a residue, which
was chromatographed (HPLC, SiO2, 1:1:2 CHCl3/n-hexane/
MeOH) to provide N-oxides 2 (27 mg, 26%) and 3 (37 mg, 36%).
2: a colorless oil; [R]D ) -90° (c 0.22, MeOH); UV (MeOH)

λmax 292 nm (log ε 3.66); IR (film) 3350 br, 1742, 1652, 1505,
1490 cm-1; 1H NMR (CDCl3) δ 1.16 (s, 3H), 1.18 (s, 3H), 1.23
(m, 1H), 1.38 (m, 2H), 1.40 (m, 1H), 1.50 (m, 2H), 1.71 (m, 1H),
1.86 (m, 1H), 2.25 (m, 1H), 2.29 (d, J ) 16.5 Hz, 1H), 2.43 (d, J
) 16.5 Hz, 1H), 2.74 (m, 1H), 2.99 (td, J ) 10.0, 7.6 Hz, 1H),
3.06 (td, J ) 10.0, 7.0 Hz, 1H), 3.37 (td, J ) 10.0, 5.0 Hz, 1H),
3.54 (s, 3H), 3.64 (m, 2H), 3.73 (d, J ) 8.4 Hz, 1H), 3.81 (s, 3H),
3.93 (m, 1H), 5.43 (s, 1H), 5.90 (d, J ) 8.4 Hz, 1H), 5.94 (br s,
2H), 6.60 (s, 1H), 6.61 (s, 1H); Key NOESY correlations: H-1/
H-6â, H-1/Me-19, H-3/H-4, H-4/H-6R, H-4/H-14, H-8R/H-11R,
H-11R/H-17; 13C NMR (CDCl3) δ 17.7 (t), 19.3 (t), 28.8 (q), 29.7
(q), 30.3 (t), 38.3 (t), 39.4 (t), 42.7 (t), 43.5 (t), 51.5 (q), 55.8 (d),
57.9 (q), 62.5 (t), 66.6 (t), 70.4 (s) × 2, 75.9 (d), 89.3 (s), 101.3 (t),
101.6 (d), 109.3 (d), 112.1 (d), 125.8 (s), 130.7 (s), 146.7 (s), 147.9
(s), 160.7 (s), 170.3 (s), 173.8 (s); EIMS m/z (%) 561 (6, M+), 545
(7), 530 (10), 314 (62), 298 (100); HRFABMS [M + H]+ calcd for
C29H40NO10 562.2652, found 562.2637.
3: a colorless oil; [R]D ) -179° (c 0.42, MeOH); UV (MeOH)

λmax 294 nm (log ε 3.54); IR (film) 3365 br, 1746, 1659, 1505,
1489 cm-1; 1H NMR (CDCl3) δ 1.18 (s, 3H), 1.19 (s, 3H), 1.2-
1.4 (m, 6H), 1.86 (d, J ) 16.5 Hz, 1H), 1.89 (m, 1H), 1.97 (br t,
J ) 11.0 Hz, 1H), 2.22 (m, 1H), 2.27 (d, J ) 16.5 Hz, 1H), 2.51
(dd, J ) 14.7, 6.6 Hz, 1H), 2.94 (m, 1H), 3.45 (m, 1H), 3.61 (m,
3H), 3.61 (s, 3H), 3.74 (m, 1H), 3.75 (s, 3H), 3.94 (d, J ) 9.7 Hz,
1H), 4.92 (s, 1H), 5.83 (br s, 1H), 5.86 (br s, 1H), 6.02 (d, J ) 9.7
Hz, 1H), 6.51 (s, 1H), 6.64 (s, 1H); Key NOESY correlations: H-1/
H-6â, H-1/H-10â, H-1/Me-19, H-3/H-4, H-4/H-6R, H-4/H-14,
H-11R/H-17; 13C NMR (CDCl3) δ 17.7 (t), 18.3 (t), 28.6 (t), 29.0
(q), 29.4 (q), 38.9 (t), 39.4 (t), 42.3 (t), 43.6 (t), 51.6 (q), 52.1 (d),
58.0 (q), 62.6 (t), 70.7 (t), 70.7 (s), 72.8 (d), 74.7 (s), 84.9 (s), 100.0
(d), 100.7 (t), 109.2 (d), 111.5 (d), 128.5 (s), 130.4 (s), 145.7 (s),
145.9 (s), 161.7 (s), 170.6 (s), 173.6 (s); EIMS m/z (%) 561 (1,
M+), 545 (4), 530 (4), 314 (53), 298 (100); HRFABMS [M + H]+
calcd for C29H40NO10 562.2652, found 562.2648.
Thermal Rearrangements of 2 and 3. A solution of 2 (100

mg) in 1,2-dimethoxyethane (1 mL) was heated at 105 °C in a
sealed tube for 2 h. The mixture was concentrated under
reduced pressure to give a residue, which was chromatographed

(HPLC, SiO2, 2:2:1 CHCl3/n-hexane/MeOH) to afford compounds
4 (37 mg, 37%), 5 (44 mg, 44%), and 6 (7.7 mg, 7.7%). In the
same manner, compound 3 (100 mg) gave 4 (32 mg, 32%), 5 (36
mg, 36%), and 6 (7.6 mg, 7.6%).
1-[(1R,4S,5S)-3-Methoxy-9,11,21-trioxa-17-azapentacyclo-

[15.3.1.01,5.06,14.08,12]henicosa-2,6,8(12),13-tetraen-4-yl] 4-
methyl (2R)-2-hydroxy-2-(4-hydroxy-4-methylpentyl)suc-
cinate (4): a colorless oil; [R]D ) -209˚ (c 0.55, MeOH); UV
(MeOH) λmax 292 nm (log ε 3.70); IR (film) 3516 br, 1743, 1648,
1507, 1490 cm-1; 1H NMR (CDCl3) δ 1.16 (s, 3H), 1.17 (s, 3H),
1.37 (m, 2H), 1.44 (m, 2H), 1.56 (m, 1H), 1.68 (m, 2H), 1.79 (m,
2H), 2.04 (td, J ) 12.8, 6.0 Hz, 1H), 2.46 (ddd, J ) 14.0, 12.8,
2.0 Hz, 1H), 2.54 (d, J ) 16.5 Hz, 1H), 2.56 (ddd, J ) 13.5, 10.8,
4.0 Hz, 1H), 2.70 (br dd, J ) 17.5, 9.0 Hz, 1H), 2.77 (d, J ) 16.5
Hz, 1H), 2.84 (ddd, J ) 13.5, 10.8, 2.0 Hz, 1H), 2.89 (m, 1H),
3.32 (d, J ) 7.2 Hz, 1H), 3.45 (s, 3H), 3.64 (m, 1H), 3.65 (s, 3H),
4.97 (s, 1H), 5.78 (d, J ) 7.2 Hz, 1H), 5.89 (d, J ) 1.5 Hz, 1H),
5.90 (d, J ) 1.5 Hz, 1H), 6.59 (s, 1H), 6.66 (s, 1H); Key NOESY
correlations: H-2/OMe-3, H-2/H-19â, H-2/H-20â, H-4/H-5, H-5/
H-7, H-5/H-20R, H-13/H-15R; 13C NMR (CDCl3) δ 17.8 (t), 19.5
(t), 29.0 (q), 29.3 (q), 29.7 (t), 35.6 (t), 39.3 (t), 43.0 (t), 43.8 (t),
49.4 (t), 51.4 (q), 55.5 (t), 57.1 (q), 59.2 (d), 70.8 (s), 74.7 (s), 77.5
(d), 87.5 (s), 101.0 (t), 102.8 (d), 111.7 (d), 114.4 (d), 129.4 (s),
134.7 (s), 145.3 (s), 146.3 (s), 161.4 (s), 170.2 (s), 174.7 (s); EIMS
m/z (%) 561 (15, M+), 545 (13), 530 (6), 314 (100), 298 (72);
HRFABMS [M + H]+ calcd for C29H40NO10 562.2652, found
562.2650.
1-[(1R,4S,5S,15S)-3-Methoxy-15-methyl-9,11,20-trioxa-16-

azapentacyclo[14.3.1.01,5.06,14.08,12]icosa-2,6,8(12),13-tetraen-
4-yl] 4-methyl (2R)-2-hydroxy-2-(4-hydroxy-4-methylpentyl)-
succinate (5): an amorphous solid; [R]D ) -148˚ (c 1.00,
MeOH); UV (MeOH) λmax 292 nm (log ε 3.62); IR (film) 3210 br,
1744, 1656, 1489 cm-1; 1H NMR (CDCl3) δ 1.15 (s, 3H), 1.18 (m,
1H), 1.18 (s, 3H), 1.3-1.45 (m, 5H), 1.56 (m, 1H), 1.83 (d, J )
6.8 Hz, 3H), 1.85 (d, J ) 16.4 Hz, 1H), 1.88 (ddd, J ) 13.0, 7.5,
5.0 Hz, 1H), 2.27 (m, 1H), 2.29 (d, J ) 16.4 Hz, 1H), 2.80 (dt, J
) 13.0, 8.3 Hz, 1H), 3.01 (ddd, J ) 11.5, 8.9, 7.0 Hz, 1H), 3.24
(ddd, J ) 11.5, 8.1, 5.8 Hz, 1H), 3.60 (d, J ) 8.1 Hz, 1H), 3.60
(s, 3H), 3.79 (s, 3H), 4.39 (q, J ) 6.8 Hz, 1H), 5.29 (s, 1H), 5.91
(d, J ) 8.1 Hz, 1H), 5.96 (d, J ) 1.4 Hz, 1H), 5.99 (d, J ) 1.4 Hz,
1H), 6.62 (s, 1H), 6.83 (br s, 1H); Key NOESY correlations: H-2/
OMe-3, H-2/H-15, H-2/H-19â, H-4/H-5, H-5/H-7, H-5/H-19R,
H-13/Me-15, Me-15/H-17R, Me-15/H-17â, H-15/H-17â; 13C NMR
(CDCl3) δ 12.2 (q), 17.6 (t), 21.9 (t), 28.7 (q), 29.8 (q), 37.9 (t),
39.4 (t), 42.8 (t), 43.6 (t), 51.6 (q), 51.7 (d), 58.0 (q), 62.5 (t), 65.3
(d), 70.2 (s), 74.5 (s), 76.2 (d), 89.0 (s), 101.5 (t), 102.5 (d), 106.2
(d), 109.7 (d), 125.4 (s), 130.2 (s), 147.7 (s), 147.8 (s), 160.1 (s),
170.2 (s), 173.5 (s); EIMS m/z (%) 561 (1, M+), 543 (2), 530 (18),
314 (18), 298 (100); HRFABMS [M + H]+ calcd for C29H40NO10
562.2652, found 562.2669.
1-[(1R,4S,5S,15R)-3-Methoxy-15-methyl-9,11,20-trioxa-

16-azapentacyclo[14.3.1.01,5.06,14.08,12]icosa-2,6,8(12),13-tet-
raen-4-yl] 4-methyl (2R)-2-hydroxy-2-(4-hydroxy-4-meth-
ylpentyl)succinate (6): a colorless oil; [R]D ) -141˚ (c 0.20,
MeOH); UV (MeOH) λmax 292 nm (log ε 3.62); IR (film) 3360 br,
1744, 1661, 1488 cm-1; 1H NMR (CDCl3) δ 1.16 (s, 3H), 1.17 (s,
3H), 1.18 (m, 1H), 1.32 (m, 2H), 1.35 (m, 1H), 1.44 (m, 2H), 1.71
(d, J ) 7.3 Hz, 3H), 1.71 (m, 1H), 1.82 (m, 1H), 1.92 (d, J ) 16.0
Hz, 1H), 2.30 (m, 1H), 2.33 (d, J ) 16.0 Hz, 1H), 2.96 (dt, J )
12.5, 9.2 Hz, 1H), 3.51 (m, 1H), 3.63 (ddd, J ) 11.5, 10.0, 6.1
Hz, 1H), 3.68 (s, 3H), 3.72 (s, 3H), 3.78 (d, J ) 8.9 Hz, 1H), 4.39
(q, J ) 7.3 Hz, 1H), 5.50 (s, 1H), 5.91 (d, J ) 1.3 Hz, 1H), 5.97
(d, J ) 1.3 Hz, 1H), 6.12 (d, J ) 8.9 Hz, 1H), 6.54 (s, 1H), 6.59
(s, 1H); Key NOESY correlations: H-2/OMe-3, H-2/Me-15, H-2/
H-19â, H-4/H-5, H-5/H-7, H-5/H-19R, H-13/H-15, H-15/H-17R,
H-15/H-17â; 13C NMR (CDCl3) δ 17.7 (t), 18.4 (q), 20.7 (t), 29.2
(q), 29.3 (q), 39.1 (t), 40.6 (t), 42.8 (t), 43.7 (t), 50.4 (d), 51.8 (q),
58.0 (q), 70.7 (s), 71.5 (d), 72.0 (t), 74.7 (s), 76.8 (d), 84.7 (s),
101.4 (t), 104.5 (d), 107.9 (d), 110.2 (d), 122.1 (s), 131.0 (s), 147.4
(s) × 2, 156.6 (s), 170.4 (s), 173.8 (s); EIMS m/z (%) 530 (20),
314 (35), 300 (100), 298 (95); HRFABMS [M + H]+ calcd for
C29H40NO10 562.2652, found: 562.2667.
Reduction of 4 to Homoharringtonine (1). To a solution

of 4 (20 mg) in AcOH (1 mL) was added zinc powder (20 mg),
and the mixture was stirred at 47 °C for 1 h. The reaction
mixture was filtrated and concentrated. The residue was
dissolved in CHCl3 (35 mL) and washed successively with
saturated aqueous NaHCO3 (5 mL) and brine (5 mL). The
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organic layer was dried over Na2SO4 and filtered and the solvent
removed in vacuo. The residue was chromatographed (SiO2, 9:1
CHCl3/MeOH) to provide homoharringtonine (1) (18 mg, 94%).
1-[(1S,3aR,8S,13bS)-2-Methoxy-8-methyl-5,6,8,13b-tet-

rahydro-1H,4H-cyclopenta[c][1,3]dioxolo[4,5-g]pyrrolo-
[1,2-b]isoquinolin-1-yl] 4-Methyl (2R)-2-Hydroxy-2-(4-hy-
droxy-4-methylpentyl)succinate (7). Compound 7 was
obtained in 96% yield from 5 by the same procedure described
for the reduction of 4: a colorless oil; [R]D ) -232˚ (c 0.55, MeOH);
UV (MeOH) λmax 292 nm (log ε 3.68); IR (film) 3500 br, 1745,
1658, 1504, 1485 cm-1; 1H NMR (CDCl3) δ 1.14 (m, 1H), 1.17 (s,
6H), 1.36 (m, 2H), 1.42 (m, 2H), 1.44 (m, 2H), 1.49 (d, J ) 7.0
Hz, 3H), 1.70 (m, 1H), 1.75 (m, 1H), 1.82 (d, J ) 16.2 Hz, 1H),
2.10 (br dd, J ) 15.0, 8.0 Hz, 1H), 2.17 (m, 1H), 2.22 (d, J )
16.2 Hz, 1H), 2.81 (dt, J ) 9.5, 6.5 Hz, 1H), 3.34 (d, J ) 8.6 Hz,
1H), 3.61 (s, 3H), 3.67 (s, 3H), 3.89 (q, J ) 7.0 Hz, 1H), 4.78 (s,
1H), 5.88 (d, J ) 1.5 Hz, 1H), 5.89 (d, J ) 8.6 Hz, 1H), 5.92 (d,
J ) 1.5 Hz, 1H), 6.54 (s, 1H), 6.78 (s, 1H); Key NOESY
correlations: H-1/H-13b, OMe-2/H-3, H-3/H-4â, H-4R/H-13b,
H-6â/Me-8, H-6â/ H-8, Me-8/ H-9, H-13/H-13b; 13C NMR (CDCl3)
δ 17.5 (t), 17.9 (q), 23.3 (t), 29.0 (q), 29.2 (q), 39.1 (t), 40.8 (t),
42.6 (t), 43.7 (t), 45.7 (t), 48.7 (d), 49.3 (d), 51.6 (q), 57.4 (q), 70.8
(s), 72.8 (s), 74.5 (s), 76.6 (d), 100.7 (t), 106.1 (d), 106.6 (d), 110.5
(d), 127.0 (s), 135.2 (s), 145.7 (s), 146.3 (s), 158.0 (s), 170.3 (s),
173.8 (s); EIMSm/z (%) 545 (2, M+), 530 (85), 512 (12), 502 (10),
298 (100); HRFABMS [M + H]+ calcd for C29H40NO9 546.2703,
found 546.2727.
1-[(1S,3aR,8R,13bS)-2-Methoxy-8-methyl-5,6,8,13b-tet-

rahydro-1H,4H-cyclopenta[c][1,3]dioxolo[4,5-g]pyrrolo-
[1,2-b]isoquinolin-1-yl] 4-Methyl (2R)-2-Hydroxy-2-(4-hy-
droxy-4-methylpentyl)succinate (8). Compound 8 was
obtained in 67% yield from 6 by the same procedure described

for the reduction of 4: a colorless oil; [R]D ) -218˚ (c 0.10,
MeOH); UV (MeOH) λmax 292 nm (log ε 3.65); IR (film) 3500 br,
1743, 1663, 1484 cm-1; 1H NMR (CDCl3) δ 1.15-1.45 (m, 6H),
1.15 (s, 3H), 1.16 (s, 3H), 1.39 (d, J ) 7.4 Hz, 3H), 1.60 (m, 1H),
1.79 (m, 1H), 1.81 (m, 1H), 1.87 (d, J ) 16.2 Hz, 1H), 2.18 (m,
1H), 2.25 (d, J ) 16.2 Hz, 1H), 2.50 (br dd, J ) 16.0, 8.5 Hz,
1H), 3.10 (m, 1H), 3.51 (d, J ) 8.9 Hz, 1H), 3.62 (s, 3H), 3.67 (s,
3H), 3.94 (q, J ) 7.4 Hz, 1H), 4.88 (s, 1H), 5.83 (d, J ) 1.5 Hz,
1H), 5.92 (d, J ) 1.5 Hz, 1H), 6.07 (d, J ) 8.9 Hz, 1H), 6.49 (s,
1H), 6.59 (s, 1H); Key NOESY correlations: H-1/H-13b, OMe-
2/H-3, H-3/H-4â, H-3/Me-8, H-4R/H-13b, H-6R/H-8, H-6â/H-8,
H-8/H-9, H-13/H-13b; 13C NMR (CDCl3) δ 17.8 (t), 23.1 (t), 23.8
(q), 29.0 (q), 29.2 (q), 38.9 (t), 42.9 (t), 43.8 (t), 44.5 (t), 47.3 (d),
51.7 (q), 55.3 (t), 57.3 (q), 58.0 (d), 69.5 (s), 70.8 (s), 74.6 (s),
76.9 (d), 100.7 (t), 107.8 (d), 110.6 (d), 110.9 (d), 124.2 (s), 133.9
(s), 145.8 (s), 146.1 (s), 154.2 (s), 170.4 (s), 174.0 (s); EIMS m/z
(%) 545 (1, M+), 530 (100), 512 (23), 456 (8), 298 (46); HREIMS
[M - CH3]+ calcd for C28H36NO9 530.2390, found 530.2374.
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